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A present understanding of confinement 
characteristics of currentless plasmas in the medium sized 
stellarator/heliotrons is examined by initial plasmas heated 
by neutral beam injection (NBI) in LHD. Parameter 
regimes studied here cover a magnetic field B of 1.5 - 2.75 T, 
a line averaged density n e of 1.0 - 4.9 X 10'9m-3 and a 
heating power Pabs of 0.75 - 3.2 MW. Although LHD has 
capability of a variety of magneti~ configuration, 
behaviors only in the standard configuration which is 
characterized by the magnetic axis position Rax of 3.75m and 
the toroidal averaged ellipticity of 1 are studied. The 
database in this study consists of 68 discharges in quasi-
steady state. All correlations between logarithms of n e' 
Pall.l. and B are less than 0.25, which indicates that 
independence of surveyed parameters is sufficient. 
Comparison of LHD data with available scaling laws, 
i.e., International Stellarator Scaling 95 (lSS95), Lackner-
Gottardi(L-G) scaling and the LHD scaling indicates 
systematic enhancement of confinement. Enhancement 
factors are 1.18±0.15 for ISS95, 1.15±0.13 for L-G, and 
1.44 ± 0.16 for LHD. In particular, a factor of two 
enhancement has been observed with the comparison of the 
scaling expression based on medium sized heliotrons 
(Heliotron E, ATF and CHS) (see Fig.l). The expression 
of this scaling; 
't
E 
scll= 0.04a2.06 R 0.74 B 0.83 Pabs -0.63 n e 0.53 -t 0.39 
is almost dimensionally correct and has very similar power 
dependence to ISS95. Integration of the medium sized 
heliotorons and LHD is expected to provide a reliable size 
scaling since the minor radius has not been changed so 
much before (a = 0.19 - 0.27m). However, a simple 
regression analysis gives the following unusual expression 
which does not satisfy the dimensional constraints. 
't
E 
fil= 0.37a3.22 R 0.20 B 0.86 Pabs -0.61 n e 0.52 -t 0.93 
Regression analysis of LHD data alone gives 
't
E 
= 0.05 B 0.71±0.08 n e 0.61±0.03 Pabs -0.57±0.04 
which can be written into 
't
E 
= 't
E 
B P * -0.83 ~ 0.08 v* O.ot -t O.ot L 2.82 
where L with the dimension of length is selected to have 
correct dimensions. The unified size scaling is not simple, 
however, the dependence on density, magnetic field and 
absorbed power is robust and suggests gyro-Bohm type 
characteristics in LHD as well. 
The major characteristics of LHD plasma different 
from the past medium heliotrons is formation of edge 
pedestal. This is contrast to the fact that the plasma 
pressure in the medium sized heliotron decreases 
asymptotically to zero towards the last closed flux surface. 
The confinement region is divided into the core and the 
pedestal. The core region is defined by· subtraction of 
pedestal at p = 0.9 from the whole. A statistical analysis of 
data from the combination of the core confinement in LHD 
34 
and the whole confinement of the medium heliotrons gives 
the fitting expression of 
't
E 
scll= 0.04a2.09 R 0.75 B 0.80 Palls -0.64 n e 0.54 -t 0.39. 
The comparison of experimental data with this scaling is 
shown in Fig.2. This scaling coincides the previous scaling 
and is consistent with the present understanding that 
confinement of currentless helical plasma is gyro-Bohm 
type. In conclusion, enhancement of confinement in LHD 
can be attributed to significant formation of edge pedestal 
and confinement characteristics is gyro-Bohm. This is also 
phenomenologically consistent with the experimental 
observation that confinement is deteriorated when the edge 
pedestal is lost due to strong gas puff or strong magnetic 
perturbation by local island divertor coils. 
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Fig.l Comparison of experimental data with the scaling 
derived from the medium sized heliotrons. 
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Fig.2 Comparison of experimental data with the statistical 
best fit. Only the core contribution is considered for 
LHD. 
